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A  TEST  OF  SKYLINE  CABLE  LOGGING  ON  STEEP  SLOPES  -  - 

A  PROGRESS  REPORT 

by 

Francis  R.   Herman,  Forester 


INTRODUCTION 

Loggers,  foresters,  and  land  managers  in  the  central  Rocky  Mountains 
are  faced  with  the  problem  of  harvesting  timber  on  steep  slopes.    To  log  steep 
slopes  by  conventional  methods  used  on  the  more  accessible  valley  bottoms 
and  lower  slopes  calls  for  a  heavy  investment  in  roadways  and  other  facilities. 

Nearly  one-third  of  the  old-growth  timber  of  the  central  Rocky  Moun- 
tains cannot  be  logged  by  ordinary  methods  because  of  remoteness,  steep 
slopes,  excessive  road-building  costs,  or  possible  damage  to  important 
watersheds.     Timber  on  many  of  these  steep  mountain  slopes  may  not  be 
included  in  allowable  cut  estimations  and  may  not  be  harvested  unless  insect 
epidemic  or  other  equally  important  emergencies  make  control  through  har- 
vest cuttings  urgent.    Such  idle  stands  could  be  placed  under  good  manage- 
ment if  a  suitable  logging  method  were  available, 

CABLE  LOGGING 

Among  the  improved  logging  methods  that  offer  promise  for  logging  the 
steep  sites  in  the  central  Rocky  Mountains  are  the  skyline  cable  systems. 
Most  of  these  are  of  foreign  design  and  are  based  on  the  principle  of  trans- 
porting logs  from  the  woods  to  the  main  haul  road  by  means  of  cable.  They 
are  generally  self-contained  units  capable  of  moving  under  their  own  power 
within  the  logging  area  in  addition  to  doing  the  skidding  and  necessary  swing- 
ing of  the  logs.    The  cost  of  the  equipment  is  relatively  low  considering  the 
several  functions  that  a  single  unit  can  perform. 

Benefits  that  might  be  gained  through  the  successful  application  of  the 
skyline  cable -logging  method  in  the  central  Rocky  Mountain  region  are: 

1.  Reduction  in  roads.    Results  to  date  show  that  road  requirements  of  the 
skyline  crane  are  approximately  one-tenth  of  that  required  by  conven- 
tional methods  on  steep  ground.    As  roads  are  a  major  logging  cost 
item,  as  well  as  a  major  cause  of  soil  disturbance,  this  feature  con- 
stitutes an  important  advantage. 

2.  Improvement  in  forest  production  and  management.    Development  of  a 
successful  method  of  harvesting  steep  slope  sites  would  extend  the 
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acreage  of  commercial  forest  land.  It  would  also  provide  for  the 
application  of  improved  forest  management  practices  to  these  areas. 

3.     Ready  access  to  insect-  and  disease -infested  areas.     Skyline -cable 
logging  methods  offer  a  ready  means  of  removing  insect-  and  disease- 
infested  trees  in  remote  areas  and  therefore  may  facilitate  early 
control  measures. 

PARTICIPANTS    IN  TESTS 

To  test  the  application  of  the  skyline-cable  logging  method,    a  2 -ton 
model  of  this  type  equipment  was  installed  in  1955  near  Fraser,  Colorado, 
on  the  Fraser  Experimental  Forest.      Koppers  Company,   Inc.  ,   with  local 
offices  in  Denver,  Colorado,  cooperated  by  purchasing  the  timber,  doing  the 
felling  and  bucking,  and  providing  the  funds  for  transporting  logs  to  the  land- 
ing.   The  logs  were  trucked  to  their  mill  in  Fraser,  where  they  were  cut  into 
lumber. 

This  report  summarizes  the  results  to  date.    Testing  of  the  equipment 
is  continuing. 

DESCRIPTION    OF  EQUIPMENT 

The  skyline -crane  cable -logging  system  under  test  is  a  combination 
mobile  high-lead  skidding  and  aerial  transportation  system.  The  logs  are 
skidded  to  the  skyline  and  transported  either  uphill  or  downhill  to  a  landing 
in  one  continuous  operation.  The  skyline  of  the  2 -ton  model  selected  for 
testing  is  a  15/ 16 -inch  cable  up  to  miles  long.  It  is  suspended  in  the  air 
by  intermediate  supports  where  needed  to  prevent  aerially  transported  logs 
from  dragging  on  the  ground. 

The  essential  components  of  the  skyline -crane  are  the  yarder  with  its 
winch,  the  skyline,  intermediate  supports,  and  the  carriage  with  its  separate 
stop  device  (fig.  1).    Table  1  gives  additional  information  about  skyline-crane 
equipment  components  and  accessories.    Total  cost  of  equipment  in  1955  in- 
cluding freight,  duty,  and  taxes  delivered  to  Fraser,  Colorado,  was  $17,  184. 

The  necessary  power  for  uphill  transportation — both  skidding  and 
swinging — and  the  brake  power  for  controlling  the  downhill  gravity  speed  are 
supplied  by  the  yarder  (fig.  2).    The  single-drum  winch  with  large  air-cooled 


The  skyline -crane  used  in  the  tests  was  manufactured  by  Wyssen 
Skyline -Cranes  ,  Reichenbach,  Switzerland. 
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internal  brakes  is  powered  by  an 
air-cooled,    4-cylinder,    36  hp. 
gasoline  engine  through  an  oil- 
immersed  multiple -disc  clutch 
and  a  6-speed  transmission.  An 
air  brake  or  governor,  separate 
from  the  mechanical  brakes, 
provides  air  friction  resistance 
for  normal  downhill  operation. 


Figure  1.  -- 

Schematic  layout 
of  skyline -crane 
cable  logging  system 


Figure  2.  --Yarder  showing  36  horsepower  air-cooled  engine,  belt  drive, 
transmission,  winch,  and  air  governor. 
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Table  1 .- -Description  and  specifications  of  skyline -crane  equipment 
components,    Z-ton  model 


Amount 

Item 

Description  and  specifications 

6,  500  feet 

Skyline  cable 

15/l6-inch  diameter  wire  rope,  right 
lang  lay,  hemp  center,  improved  plow 
steel,  33  tons  breaking  strength. 

7,  200  feet 

Operating  cable 

7/16-inch  diameter  wire  rope,  right 
lang  lay,  hemp  center,  improved  plow 
steel,  7.4  tons  breaking  strength. 

1 

Yarder 

Winch,  with  drum  capacity  for  5,  540 
feet  of  7/16-inch  operating  cable, 
driven  by  36  hp. ,  V-4,  air-cooled 
American  manufactured  engine  through 
an  oil-immersed  multiple -disc  clutch 
and  6-speed  transmission,  2,  122  pounds 
without  operating  cable  on  winch  drum. 

I 

Carriage 

Constructed  to  pass  over  intermediate 
support  mechanisms,  264  pounds  without 
lifting  hook. 

1 

Lifting  hook 

Swivel -mounted  with  hinged  hook  closed 
by  wired  clevis,  33  pounds. 

1 

Carriage  stop 
and  accessories 

Sliding  wedges  actuated  by  carriage 
pressure  on  hook  side,   125  pounds. 

4 

Intermediate  support 
mechanisms 

Articulated  to  move  in  any  direction, 
80  pounds  each. 

2 

Automatic  snatch 
blocks 

Constructed  to  open  automatically  when 
used  for  skidding  a  predetermined  path, 
24  pounds  each. 

3 

Telephones 

Flashlight  battery  powered  with  visual 
indicator,   10  pounds  each. 

8,  000  feet 

Telephone  wire 

Fabric  and  plastic  insulated,  steel 
with  copper  core. 

1  pair 

Multiple  -sheave 
tensioning  blocks 

Sliding  wedges,  hand  locked  to  permit 
skyline  tensioning,  242  pounds. 

1  box 

Miscellaneous  accessories, 
tools,  and  spare  parts 
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The  model  tested  at  Fraser  has  a  2 -ton  loading  capacity.      This  is 
equivalent  to  a  green  spruce  log  16  feet  long  and  about  28  inches  in  diameter 
at  the  small  end,    or  approximately  1  cord  of  green  spruce,   fir,   or  pine 
pulpwood. 

The  mechanical  brakes  inside  the  winch  drum  have  nearly  1  square  yard 
of  fan-cooled  braking  surface.    These  are  not  used  extensively  because  an  air 
governor  limits  a  loaded  carriage  to  a  safe  speed  of  20  miles  per  hour  or  less, 
depending  on  load  and  slope. 

Sealed  roller  and  ball  bearings  are  used  in  all  equipment  components. 
Sheaves  are  made  of  four  pieces,    with  aluminum  alloy  flanges ,  replaceable 
steel  center  rings,  and  sealed  bearings. 

INSTALLATION 

Two  types  of  installation  are  possible.  The  more  common  type  is  for 
slopes  where  the  logs  are  to  be  gravity  transported  to  a  landing  area  at  or 
near  an  accessible  canyon  bottom.  The  other  type  is  for  logs  to  be  power 
transported  from  the  bottom  and  side  slopes  of  an  inaccessible  canyon  to  an 
accessible  rim. 

Prior  to  equipment  installation  on  a  logging  chance  adaptable  to  gravity 
transportation,  a  tail  anchorage  position  is  selected.    A  skyline  cableway  6  to 
8  feet  wide  is  cleared  of  standing  trees.    This  cableway  path  normally  is  used 
as  the  path  for  the  yarder  as  it  moves  to  its  operating  position  at  the  top  of 
the  settings. 

Details  of  common  installation  procedure  are  illustrated  by  figures  3 
through  8. 

After  the  carriage  stop  is  placed  onthe  skyline  near  the  top  of  the  setting, 
the  logging  operation  is  ready  to  begin. 

Installation  on  settings  inaccessible  by  road  near  the  bottom  of  a  can- 
yon, but  accessible  at  the  top,  is  similar  to  that  explained  here  except  the 
yarder  is  not  skidded  up  a  slope.      It  is  anchored  near  the  road  and  the 
skyline  is  pulled  from  top  to  bottom. 

Changes  in  settings  on  the  same  logging  chance  require  restringing  of 
the  skyline.    The  yarder  remains  at  the  top  of  the  slope  and  is  winched  or 
otherwise  transported  to  new  operating  positions. 
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Figure  3.  -- 

Yarder  is  winched  up  slope 
toward  its  operating  position 
at  the  upper  end  of  the 
skyline.     It  is  mounted  on 
skids  and  is  moved  into 
operating  position  by- 
skidding  itself  uphill.  One 
end  of  a  tow  line  is  attached 
to  successively  higher 
anchor  trees.    The  operating 
cable  trails  behind. 


Figure  4.  -  -Yarder  is  anchored  on  cribbing.    The  tow  line  is  removed  from  the 
winch  drum  and  the  operating  line  is  wound  on  to  pull  the  skyline  to  the  top. 
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Figure  5.  -- 

Head  spar  is  rigged  near 
the  yarder.    The  skyline 
is  anchored  and  suspended 
on  the  head  spar. 


Figure  6.  -- 

Intermediate  supports  are 
installed  on  existing  trees 
or  erected  spars.  Supports 
are  needed  where  the  skyline 
is  so  low  that  swinging  turns 
cannot  clear  the  ground. 
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Figure  7.  -  -Tail  tensioning  block 
is  rigged  on  skyline  near  tail 
spar.    Both  tail  and  head  ten- 
sioning blocks  are  equipped 
with  clamping  wedges.  The 
yarder  winch  is  used  to  raise 
and  tension  the  skyline. 


Figure  8.  -  -Tensioning  blocks 
are  removed  after  tensioning 
and  raising  the  skyline.  The 
carriage  is  hung  on  the  skyline 
and  attached  to  the  operating 
cable. 
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OPERATION 


Details  of  operation  on  timbered  slopes  accessible  by  bottom  road 
illustrated  by  the  following  series  of  photographs. 


Figure  9.  --The 

carriage  is  moved 
up  the  skyline  by 
the  operating  line. 
Logging  normally 
begins  at  the  top 
of  the  setting. 


Figure  10.  --The  carriage  stop,  which  is  easily  moved  by  handline,  stops  the 
carriage  at  any  selected  point  along  the  cableway.    When  the  carriage  strikes 
the  stop,  it  automatically  hooks  to  it.    The  lifting  hook  at  the  end  of  the  oper- 
ating line  automatically  releases  from  the  carriage  and  descends  to  the  ground. 
The  hook  is  carried  manually  to  the  chokered  logs,  which  are  hooked. 
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Figure  11.  --The  turn  is 
skidded  to  the  cableway 
below  the  skyline.  The 
logs  are  raised  to  the 
carriage  and  are  auto- 
matically locked  to  it. 


Figure  12.  -  -The  loaded 
carriage  is  released 
from  its  stop  and  logs 
are  transported  either 
uphill  or  downhill  all 
in  one  continuous 
operation. 


Settings  200  to  400  feet  wide  and  up  to  1;^  miles  long  can  be  logged 
frona  a  single  skyline  installation.     Several  settings  in  fan  pattern  can  be 
logged  from  a  common  tail  or  head  spar. 


TEST  SITE 

A  mature  and  overmature  Engelmann  spruce-subalpine  fir  forest 
(fig.  14)  at  elevations  between  10,000  and  11,000  feet  above  sea  level  was 
selected  as  the  site  for  initial  trials  and  demonstrations  in  1955.    The  area 
on  the  Eraser  Experimental  Forest  near  the  headwaters  of  West  St.  Louis 
Creek  had  slope  gradients  varying  from  2  5  to  80  percent.  Spruce-fir 
volumes  varied  from  6,500  board  feet  to   16,000  board  feet  per  acre. 
Dead  standing  and  down  timber  littered  the  logging  area.    Engelmann  spruce 
made  up  90  percent  of  the  volume,  and  subalpine  fir  composed  the  remainder. 
The  logging  area  consisted  of  two  converging  strips  each  nearly  ^  mile  long 
(fig.   15).    Each  strip  was  divided  into  four  blocks.    Five  of  the  blocks  were 
clear  cut  and  three  were  cut  on  a  selection  basis.     Nearly  300,000  board 
feet  were  logged  from  the  two  strips.    A  description  of  the  settings  is  given 
in  table  2 . 
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Table  2.  -  -Description  of  skyline  cable  cutting  strips  on  West  St.  Louis  Creek, 

Fraser  Experimental  Forest 


Item 

Unit  of 
measure  : 

Strip  A 

Strip  B 

Length  of  cutting  strip 

Feet 

2,  500 

2,  400 

Width  of  cutting  strip 

Feet 

330 

30  to  425 

Volume  per  acre: 

Board  feet 

Upper  slope 

6,  500 

8,  000 

Middle  slope 

15,  000 

16,  000 

Lower  slope 

10,  000 

10,  000 

Logs  per  thousand  board  feet: 

Logs  ^ 

Upper  slope 

19 

17 

Middle  slope 

16 

13 

Lower  slope 

13 

14 

Slope  gradient : 

Percent 

Upper  slope 

30  to  40 

30  to  40 

Middle  slope 

40  to  80 

40  to  90 

Lower  slope 

20  to  40 

10  to  40 

Maximum  log  length,   16  feet 


COST  DATA 

Combined  costs  for  three  seasons  of  operating  were  high  but  not  too 
unfavorable  for  harvesting  timber  on  steep  slopes  when  considering  that  the 
crews  were  largely  inexperienced.     Operating  labor  costs  for  logging  on 
clear-cut   blocks    were  $18.  19   per  thousand  board  feet.     Total  cost  of 
260,  000  board  feet  of  logs  (exclusive  of  stumpage)  delivered  to  the  landing 
from  clear-cut  blocks  was  $3  3.  17   per  thousand  board  feet.      Table  3 
presents  a  breakdown  of  costs  of  logs  delivered  to  the  landing. 

Operating  labor  costs  for  selective  logging  of  15  percent  of  the  volume 
on  selection  blocks  were  $23.17  per  thousand  board  feet,    compared  with 
$18.19  for  clear-cut  blocks.     Installation  costs  for  the  selective  logging 
were  considerably  higher,   however,   because  of  the  difference  in  volume 
removed. 
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Figure  14.  -- 
Skyline  -crane 
setting  near 

headwaters  of 
West  St.  Louis 
Creek  on  Fraser 
Experimental 
Forest. 


Figure  15.  -- 

Sketch  of  converging 
strips  logged  with  the 
skyline  -crane. 
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Table  3.  - -Skyline -crane  logging  costs  for  Z60,  000  board  feet  delivered 
to  the  landing  from  clear-cut  areas 


■     Cost  per  M  board  feet  =  Percent 
 ^   •       (16  logs/M  bd.  ft.  )  =  

Operating  costs  : 

Labor  (includes  variable  wages  for  laborers 
and  engineers  for  years  1955,   1956,  and  1958 
averaging  $1.81  per  hour)  -- 

Yarding  and  skidding  $1Z.80  38.6 

Rigging  1.82  5.5 

(does  not  include  fixed  installation 

charges;  only  normal  rigging  work 

associated  with  logging) 
Maintenance  1.48  4.5 

(lubrication,  mechanical  adjustments, 

landing  work,  etc.  ) 


Breakdown 
Shutdown  for  weather 

1.  70 
.  39 

5.  1 
1.  2 

Total  labor 

$18.  19 

54.  9 

Gasoline,  oil,  and  lubricants 

Reserve  supply  fund  (includes  parts  supply 

ajid  operating  cable  replacement  fund) 
Depreciation  accoixnt 

.29 

3.  00 
1.  00 

.9 

9.0 
3.  0 

Total  operating  costs 

$22. 48 

67.8 

Felling  and  bucking 

6.  60 

19.  9 

Installation  labor  costs^ 

4.  09 

12.  3 

Total  f.  o.b.  landing 

$33.  17 

100.  0 

^  For  installation  on  two  settings;  based  on  one -half  million  board  feet  that 
could  have  been  logged  if  all  blocks  in  both  settings  had  been  clear  cut. 


Logging  was  difficult  because  of  the  numerous  standing  dead  trees  and 
the  down  timber.     Production  was  600  board  feet  per  productive  crew  hour 
from  clear-cut  areas  and  570  board  feet  per  productive  crew  hour  from 
selection-cut  areas.     An  average  of  5  hours  per  8 -hour  day,  exclusive  of 
installation  time,  was  spent  in  productive  logging.    In  order  of  importance, 
nonproductive  time  was  made  up  of:     (1)  normal  rigging  associated  with 
logging,    (2)  breakdown  delays,    (3)  equipment  maintenance,    (4)  crew  travel 
to  and  from  logging  positions,    (5)  pre-job  instruction  and  safety  training, 
(6)  weather  shutdowns,  (7)  demonstrations,  and  (8)  equipment  and  technique 
adaptation  tests. 

Men  skilled  in  cable  logging  are  rare  in  this  part  of  the  country.  As 
mentioned  previously,  the  high  unit  costs  and  low  production  reflect  lack  of 
skill  of  inexperienced  personnel,  particularly  under  the  difficult  logging  con- 
ditions.   There  is  little  doubt  that  trained  and  experienced  personnel  would 
have  lowered  labor  costs  substantially. 
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In  addition  to  the  labor  deficiency,  it  was  felt  that  the  equipment  could 
be  improved  for  American  logging  conditions.  With  low  skyline  installations 
where  considerable  deadfall  material  was  strewn  on  slopes  of  convex  con- 
figuration, the  carriage  with  its  separate  stop  did  not  perform  satisfactorily. 
It  is  also  felt  that  the  lifting  hook  and  telephone  communications  could  be 
improved  to  increase  efficiency  of  operation. 

Improvement  of  both  the  carriage  and  communications  equipment  has 
been  made  by  the  maniafacturer  of  the  skyline-crane.    An  improved  carriage 
with  built-in  automatic  stop  mechanism  has  been  developed  and  a  new 
two-way  loudspeaker  telephone  system  has  been  adapted  for  use  with  the 
skyline -crane. 

Costs  of  operating  similar  equipment  in  Canada  and  improved  equip- 
ment in  Idaho  and  Washington  have  been  lower  than  for  the  Fraser  operation 
(1,3,4,6).    Trained  personnel  of  the  equipment  firm  were  used  in  all  these 
other  operations.    Further  testing  and  improvement  of  skyline  cable  logging 
techniques  are  needed  to  better  adapt  the  method  to  central  Rocky  Mountain 
conditions . 

OTHER  CONSIDERATIONS 

Soil  disturbance  was  negligible  on  both  clear-cut  and  selection-cut 
areas.    Defined  skid  trails  are  inconspicuous  on  completed  settings.  They 
are  not  continuous  and  are  scattered  so  that  water  concentrations  do  not 
occur.     The  only  evidence  of  exposed  soil  was  confined  to  a  few  narrow 
short  stretches.    These  were  found  only  at  points  where  the  skyline  was  low 
and  slope  configuration  was  convex.    No  stretches  of  exposed  soil  exceeded 
ZO  feet  in  length.      These  observations  coincide  with  those  made  on  other 
skyline-crane  logging  test  areas  (2,^). 

The  equipment  performed  well  when  used  in  selectively  cut  dense  tim- 
ber.   Damage  to  the  dense  residual  stand,    even  where  logs  were  skidded 
more  than  150  feet,  was  light.    Automatic  snatch  blocks  were  used  to  change 
skidding  direction.    Damage  to  residual  timber  was  avoided  and  hang-ups 
minimized  by  skillful  use  of  the  snatch  blocks. 

CONCLUSIONS 

Cable -logging  techniques  are  new  to  the  Rocky  Mountains.  Interest 
in  them  has  heightened  recently  because  readily  accessible  timber  is 
being  harvested  rapidly  and  because  of  increasing  attention  to  watershed 
protection. 
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Results  of  tests  conducted  to  date  with  a  skyline  cable  logging  system 
have  been  promising.    While  the  system  tested  (Wyssen)  is  perhaps  not  the 
final  answer,  it  has  provided  some  valuable  leads.    It  is  generally  agreed  by 
all  who  are  familiar  with  the  tests  that  the  method  of  transporting  logs  by 
cable  from  the  woods  to  the  main  haul  road  leaves  little  to  be  desired.  The 
small  amount  of  soil  disturbance  and  damage  to  the  residual  timber  are 
also  favorable. 

The  generally  low  production  in  skidding  remains  a  major  problem. 
While  the  unusually  large  number  of  windfalls  in  the  area  contributed  to  this, 
the  basic  problem  appears  to  be  related  to  the  logging  method  and  to  certain 
design  features  of  the  equipment.  The  fact  that  the  yarder  operator  is  gener- 
ally some  distance  from  the  skidding  site  appears  to  have  a  direct  bearing  on 
this.  Under  the  setup,  the  operator  cannot  see  the  conditions  on  the  ground 
and,  therefore,  cannot  make  the  necessary  adjustments  in  power  require- 
ments to  avoid  the  severe  stresses  that  resvdt  when  the  load  is  hung  up.  The 
telephone  system  as  provided  is  not  completely  adequate  to  avoid  this. 

Skilled  choker  setters  can  overcome  some  of  the  difficulty  through  the 
proper  placement  of  chokers  and  through  selection  of  skidways.    In  some 
areas,  horse  skidding  might  also  be  used  advantageously.     An  improved 
stopping  device  now  available  for  positioning  the  carriage  at  any  point  on  the 
skyline  offers  further  promise  here,  as  it  provides  greater  flexibility  in 
locating  the  skidway.    This  phase  will  require  further  study. 

Shortage  of  skilled  labor  needed  to  install  and  maintain  the  skyline  along 
with  the  necessary  supports  undoubtedly  had  an  adverse  influence  on  the  re- 
sults as  it  prevented  using  the  equipment  to  its  full  capability.    This  is  largely 
a  function  of  training  and  experience;  however,  it  is  complicated  by  the  fact 
that  working  on  steep  slopes  is  difficult  and  results  in  a  large  turnover  of 
labor. 
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